Autonomous growth in serum-free medium and production of hepatocellular carcinomas by differentiated hepatocyte lines that overexpress transforming growth factor alpha 1.
Transforming growth factor alpha (TGF-alpha) is a polypeptide closely associated with hepatocyte proliferation in vivo and in vitro. In order to investigate the mechanisms by which TGF-alpha contributes to hepatocyte replication and transformation, we isolated hepatocytes from mice bearing a human TGF-alpha transgene and examined their growth properties and gene expression in defined, serum-free culture. The transgenic hepatocytes continued to overexpress human TGF-alpha mRNA and peptide, and were able to proliferate without exogenous growth factors in primary culture, in contrast to nontransgenic mouse hepatocytes. In short-term culture the transgenic hepatocytes underwent 1 wave of DNA replication at 72-96 h in culture before senescing, similar to nontransgenic hepatocytes supplemented with epidermal growth factor. Constitutive expression of TGF-alpha rendered the transgenic hepatocytes unresponsive to further growth stimulation by exogenous TGF-alpha, as well as other mitogens such as epidermal growth factor and hepatocyte growth factor. However, it did not alter their sensitivity to growth inhibition by TGF beta 1, 2 and 3. The addition of nicotinamide to the culture medium enabled both transgenic and epidermal growth factor-supplemented normal hepatocytes to replicate repeatedly and survive for > or = 2 months in primary culture while maintaining differentiated traits. From these long-term primary cultures of transgenic and nontransgenic hepatocytes, we established immortalized cell lines (designated TAMH and NMH lines, respectively). Both lines continued to express differentiated adult hepatocytic markers such as albumin, alpha-1-antitrypsin, transferrin, and connexin 26 and 32 mRNAs, but also expressed mRNAs for the oncofetal markers alpha-fetoprotein and insulin-like growth factor II. Unlike the near-diploid NMH hepatocyte line, the transgenic TAMH hepatocyte line was quasi-tetraploid, strongly expressed human TGF-alpha mRNA, and was highly tumorigenic in nude mice. Well-differentiated hepatocellular carcinomas developed in nude mice given injections of the TAMH line, and these appeared similar to the primary liver tumors seen in TGF-alpha transgenic mice with regard to histology and strong expression of mouse and human TGF-alpha, insulin-like growth factor II, and alpha-fetoprotein mRNAs. Our data show that TGF-alpha overexpression causes autonomous hepatocyte proliferation and contributes to neoplasia but that additional cellular alterations must occur for carcinogenesis. Inappropriate expression of insulin-like growth factor II may constitute one of these steps. The TGF-alpha transgenic mouse hepatocyte line TAMH appears to undergo transformation in a similar manner to that of hepatocytes overexpressing TGF-alpha in vivo, and should serve as an ideal system in which to study hepatocarcinogenesis.